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(57) ABSTRACT 

An embossing assembly for forming an embossment pattern 
on a tube blank having a ?rst roll and a second roll. The ?rst 
roll includes a ?rst shaft having a ?rst axis of rotation and 
an embossing element joined to the ?rst shaft. The second 
roll is con?gured to engage a tube blank When the tube blank 
at partially surrounds the ?rst roll. The second roll includes 
a second shaft and a hub joined to the second shaft. The hub 
includes an engagement region con?gured to apply pressure 
to a tube blank adjacent to the embossing element thereby 
causing part of the tube blank to at least partially conform to 
the shape of the embossing element. The engagement region 
includes a compliant material Which is more compliant than 
the second shaft thereby alloWing the engagement region to 
compensate for variations in a Wall thickness of a tube blank. 
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COMPLIANT EMBOSSER ASSEMBLY 

FIELD OF THE INVENTION 

[0001] This invention relates to an apparatus for emboss 
ing a pattern onto an applicator for disposable absorbent 
articles. More particularly, the present invention relates to an 
embosser assembly Which may compensate for variations in 
material thickness, may reduce vibrations associated With 
the embossing assembly and may improve the embossing 
line process and/or embossing quality. 

BACKGROUND OF THE INVENTION 

[0002] Disposable absorbent articles utilized to absorb 
menses are Well knoWn. An example of such a disposable 
absorbent article Which has gained much popularity is the 
disposable tampon. 

[0003] In order to facilitate the insertion of the tampon 
into the body, tampons are often packaged With a tampon 
applicator. In general, the applicator includes an insertion 
tube and a plunger tube Which is telescopically associated 
With the insertion tube. The insertion tube typically com 
prises an insertion end and a removal end. The tampon is 
typically disposed in the insertion tube and is inserted into 
the body from the insertion end of the insertion tube. The 
tampon is typically oriented Within the insertion tube such 
that a removal string, Which is joined to an end of the tampon 
extends, through the plunger tube of the applicator. 

[0004] For the purpose of inserting the tampon into the 
body, the plunger tube is typically depressed such that the 
plunger tube translates from about the removal end of the 
insertion tube to about the insertion end of the insertion tube, 
thereby forcing the tampon out of the applicator and into the 
body. Without the plunger tube, insertion of the tampon into 
the body can be dif?cult and/or problematic. 

[0005] A problem With some conventional applicators is 
that the plunger tube can fall out of the insertion tube. 
Typically, the plunger tube can be placed back into the 
opening of the insertion tube; hoWever, the removal string of 
the tampon generally has to be threaded back through the 
plunger tube prior to insertion of the tampon into the body. 
HoWever, the threading of the removal string back through 
the plunger tube can be dif?cult because the removal string 
is generally not a rigid element. In addition, some Wearers 
may be reluctant to place the plunger tube back into the 
insertion tube after it has fallen out of the insertion tube. 

[0006] Consequently, a need exists for an apparatus Which 
can produce a plunger tube having a reduced likelihood of 
becoming disengaged With an insertion tube. Additionally, a 
need exists for a method of making a plunger tube Which has 
a reduced likelihood of becoming disengaged With an inser 
tion tube. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides an apparatus Which 
can produce a plunger tube having a reduced likelihood of 
falling out of an insertion tube and a method for making the 
plunger tube. In one embodiment, the apparatus includes an 
embossing assembly for forming an embossment pattern on 
a tube blank. In some embodiments, the embossing assem 
bly comprises a ?rst roll and a second roll. The ?rst roll 
comprises a ?rst shaft and an embossing element joined to 
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the ?rst shaft. The embossing element and the ?rst shaft are 
con?gured such that the tube blank can at least partially 
surround the ?rst shaft and the embossing element. 

[0008] The second roll comprises a second shaft and a hub 
joined to the second shaft. The second roll is con?gured to 
engage the tube blank. The hub comprises an engagement 
region joined to the second shaft. The engagement region 
comprises a compliant material Which is more compliant 
than the second shaft, and the engagement region is con?g 
ured to apply pressure to the tube blank adjacent to the 
embossing element thereby causing part of the tube blank to 
at least partially conform to the shape of the embossing 
element. The hub further comprises a non-engagement 
region joined to the second shaft. 

[0009] In other embodiments, the embossing assembly 
includes the ?rst roll and the second roll as described above. 
Additionally, the ?rst roll has a ?rst axis of rotation, and the 
second roll has a second axis of rotation. The ?rst axis of 
rotation and the second axis of rotation are generally par 
allel. Additionally, the compliant material may have a 
durometer of about 75 Shore D. 

[0010] In some embodiments, the hub comprises an inner 
support, a compliant material, an outer support, and inner 
lateral stabiliZers. The inner support can be joined to and 
disposed outWard from the second shaft. The compliant 
material can be joined to and disposed outWard from the 
inner support. The compliant material can have a durometer 
of about 95 Shore A. The outer support can be joined to and 
disposed outWard from the compliant material and may 
comprise a pair of shoulders and an engaging surface. The 
embossing element is received betWeen the shoulders. The 
inner lateral stabiliZer may extend from the compliant mate 
rial inWard through the inner support. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is an isometric vieW shoWing an applicator 
for a disposable absorbent article, the applicator having an 
insertion tube and a plunger tube. 

[0012] FIG. 2 is an elevation vieW shoWing an embossing 
assembly of the present invention Which can be used to 
create the embossment of the plunger tube of FIG. 1. 

[0013] FIG. 3A is a cross sectional vieW through line 
3A-3A shoWing the embossing assembly of FIG. 2. 

[0014] FIG. 3B is a close up vieW shoWing the embossing 
assembly of FIG. 3A. 

[0015] FIG. 4A is a close up of a cross sectional vieW 
shoWing the anvil roll of FIG. 3A. 

[0016] FIG. 4B is an elevation vieW shoWing the anvil roll 
of FIG. 4A. 

[0017] FIG. 5 is a close up of a cross sectional vieW 
shoWing another embodiment of an anvil roll Which can be 
used in the present invention. 

[0018] FIG. 6 is a close up of a cross sectional vieW 
shoWing another embodiment of an anvil roll Which can be 
used in the present invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

De?nitions: 

[0019] As used herein the term “compliant” is used to 
describe materials Which compresses under a given load. A 
?rst material Which is more “compliant” than a second 
material compresses under a ?rst load Which is less than a 
second load under Which the second material compresses. 
The second material does not compress under the ?rst load 
to the same extent as the ?rst material. 

[0020] As used herein the term “joined” encompasses 
con?gurations Whereby an element is directly secured to 
another element by affixing the element directly to the other 
element, and con?gurations Whereby an element is indi 
rectly secured to another element by a?ixing the element to 
an intermediate member(s) Which in turn are affixed to the 
other element. 

Description: 

[0021] This invention relates to an apparatus for emboss 
ing a pattern onto applicators for disposable absorbent 
articles such as tampons. However, the apparatus of the 
present invention can be utiliZed in any embossing assembly 
Where a desire to improve the embossing line process and 
the embossing line quality exist. Additionally, the present 
invention relates to a method of making a plunger tube 
Which has a reduced likelihood of becoming disengaged 
With an insertion tube. 

[0022] As shoWn in FIG. 1, an applicator 10, constructed 
in accordance With the present invention, may comprise an 
insertion tube 12 and a plunger tube 14. The insertion tube 
12 may comprise an insertion end 22 and a removal end 24. 
The insertion end 22 may be con?gured in any suitable 
manner. For example, in some embodiments, the insertion 
end 22 may comprise a ?lm cap 20 Which comprises a 
plurality of petals. Examples ?lm caps 20 are discussed in 
Us. Pat. No. 6,958,057 and Us. Pat. No. 6,610,025. Other 
exemplary con?gurations of the insertion end 22 are dis 
cussed in Us. Patent Application Publication No. US 2003/ 
0236499 A1. 

[0023] Adjacent the removal end 24, the insertion tube 12 
may comprise an indented region 32 Which protrudes inWard 
from an outer surface 34 of the insertion tube 12, in some 
embodiments. Correspondingly, the plunger tube 14 may 
comprise an interlocking region 30 Which protrudes outWard 
from an outer surface 36 of the plunger tube 14, in some 
embodiments. In some embodiments, the indented region 32 
may comprise grip elements Which protrude outWard from 
the indented region 32. Embodiments Where the indented 
region 32 and the interlocking region 30 extend outWard 
from their respective outer surfaces are contemplated. 
Embodiments Where the indented region 32 and the inter 
locking region 30 extend inWard from their respective outer 
surfaces are contemplated. Embodiments, Where the 
indented region 32 extends inWard While the interlocking 
region 30 extends outWard or vice versa are contemplated. 

[0024] In some embodiments, the indented region 32 can 
be disposed continuously about the circumference of the 
insertion tube 12. In other embodiments, the indented region 
32 may comprise a plurality of discrete elements disposed 
about the circumference of the insertion tube 12. Similarly, 
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the interlocking region 30 can be disposed continuously 
about the circumference of the plunger tube 14 in some 
embodiments. In other embodiments, the interlocking region 
30 may comprise a plurality of discrete elements disposed 
about the circumference of the plunger tube 14. The 
indented region 32 may comprise any suitable shape Which 
facilitates grasping/holding of the applicator 10. 

[0025] The indented region 32 and the interlocking region 
30 can be con?gured such that When the plunger tube 14 is 
inserted into the insertion tube 12, the interlocking region 30 
engages the indented region 32. The interlocking region 30 
may comprise any suitable shape Which can engage the 
indented region 32 of the insertion tube 12. 

[0026] The degree of engagement betWeen the grip region 
32 and the interlocking region 30 can be measured as a 
separation force betWeen the insertion tube 12 and the 
plunger tube 14. Tube lock (separation force) is a measure 
of the peak force required to separate a plunger tube from an 
insertion tube. In general, at higher tube locks (see beloW) 
the likelihood of the plunger tube 14 becoming disengaged 
from the insertion tube 12 is reduced. In some embodiments, 
the tube lock can be greater than about 100 grams force. In 
some embodiments, an acceptable tube lock can be greater 
than or equal to about 250 grams force. In other embodi 
ments, the tube lock can be greater than or equal to about 
450 grams force. In some embodiments, the tube lock can be 
greater than or equal to about 600 grams force. In some 
embodiments, the tube lock can be in a range of greater than 
about 100 grams force to about 1000 grams force or any 
individual number Within the range. 

[0027] The insertion tube 12 can be formed from any 
suitable material. Some examples of suitable material 
include paper, paperboard, cardboard, or a combination 
thereof. The insertion tube 12 may also be injection molded 
or formed from ?exible plastic, such as thermoformed from 
a plastic sheet or folded or Wound from plastic ?lm. The 
insertion tube 12 may also be formed from a combination of 
paper and plastic. In some embodiments, the insertion tube 
12 can be fairly rigid and can have a relatively small 
diameter of about 10 mm to about 20 mm or any individual 
number Within the range. 

[0028] In general, the insertion tube 12 can have a Wall 
having a predetermined thickness of about 0.1 mm to about 
0.7 mm or any individual number Within the range. The Wall 
can be constructed from a single ply of material or can be 
formed from tWo or more plies that are bonded together to 
form a laminate. In some embodiments, When tWo or more 

plies are utiliZed, all the plies can be spirally Wound, 
convolutely Wound, or longitudinally seamed, to form an 
elongated cylinder. In some embodiments, the Wall can be 
constructed using a smooth thin ply of material on the outer 
surface 34 of the insertion tube 12 that surrounds a coarser 
and possibly thicker ply. 

[0029] If the Wall contains at least three plies, the middle 
ply can be the thicker ply and the interior and exterior plies 
can be smooth and/or slippery to facilitate expulsion of the 
tampon and to facilitate insertion of the insertion tube 12 
into a Woman’s vagina, respectively. The exterior plies do 
not have to be smooth in all instances. By sandWiching a 
thick, coarser ply of material betWeen tWo thin, smooth 
plies, an inexpensive insertion tube 12 can be provided 
Which is very functional. In certain embodiments, the Wall 
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may comprise one to four plies, although more plies or feWer 
plies can be utilized if desired. In some embodiments, the 
outer surface 34 of the insertion tube can be coated such that 
it has a smooth ?nish. Any suitable coating can be used to 
provide a smooth ?nish. Examples of suitable coatings 
include Wax, polyethylene, a combination of Wax and poly 
ethylene, cellophane and clay, or any combinations thereof. 

[0030] The plies, if any, forming the Wall can be held 
together by an adhesive, such as glue, or by heat, pressure, 
ultrasonics, etc. The adhesive can be either Water-soluble or 
Water-insoluble. A Water-soluble adhesive can be advanta 
geous for environmental reasons. For example, a Water 
soluble adhesive can alloW the Wall to quickly break apart 
When it is immersed in Water. Such immersion can occur 
should the insertion tube 12 be disposed of by ?ushing it 
doWn a toilet. Exposure of the insertion tube 12 to a 
municipal’s Waste treatment plant, e.g. exposure to chemi 
cals, exposure to agitation, can cause the Wall to break apart 
and evenly disperse in a relatively short period of time. 

[0031] The plunger tube 14 can be con?gured similarly to 
the insertion tube 12 described heretofore. For example, the 
plunger tube 14 can be made from the same materials as the 
insertion tube. Additionally, the plunger tube 14, in some 
embodiments, can have a Wall thickness Which is similar to 
that of the insertion tube. Also, the plunger tube 14 may 
comprises a single ply of material or more than one ply 
similar to the insertion tube 12. In some embodiments, the 
plunger tube 14 is con?gured such that the plunger tube 14 
is telescopically associated With the insertion tube 12. 

[0032] As shoWn in FIG. 2, an embossing assembly 100 
constructed in accordance With the present invention may be 
utiliZed to create the interlocking region 30 (shoWn in FIG. 
1) of the plunger tube 14 (shoWn in FIG. 1). The embossing 
assembly 100 may comprise a ?rst roll 108 and a second roll 
150. The ?rst roll 108 may comprise a ?rst shaft 110 and an 
embossing element 114. In some embodiments, as shoWn, 
the embossing element 114 may surround the ?rst shaft 110. 
In yet other embodiments, the embossing element 114 may 
comprise a plurality of discrete protrusions Which extend 
outWard from the ?rst shaft 110. In some embodiments, the 
embossing element 114 comprises a smooth outer surface 
Which engages a tube blank 120. As shoWn the ?rst roll 108 
may be con?gured such that the tube blank 120 can surround 
both the ?rst shaft 110 and the embossing element 114. 

[0033] The embossing element 114 can be con?gured in 
any suitable manner such that the engagement betWeen the 
indented region 32 and the interlocking region 30 is 
achieved. For example, the embossing element 114 may 
comprise a cavity adjacent an outer perimeter of the emboss 
ing element 114 such that the interlocking region 30 of the 
plunger tube 14 extends inWard from the outer surface of the 
plunger tube 14. 
[0034] The tube blank 120 is a portion of an applicator 
Which may not yet be embossed or may not yet be fully 
embossed. For example, the tube blank 120 may comprise 
the plunger tube 14 (shoWn in FIG. 1) before the interlock 
ing region 30 (shoWn in FIG. 1) is embossed. The tube blank 
may comprise any suitable cross sectional shape. For 
example, the cross section of the tube blank 120 may be 
circular (shoWn in FIG. 2), elliptical, triangular, rectangular, 
rhomboidal, trapeZoidal, or any other polygon. 
[0035] The second roll 150 may comprise a second shaft 
154 and a hub 156. The hub 156 can bejoined to the second 
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shaft 154. The hub 156 may comprise an engagement region 
212 and a non-engagement region 210. 

[0036] As shoWn, in some embodiments, the engagement 
region 212 can be con?gured to receive the embossing 
element 114 betWeen a pair of shoulders 312A and 312B 
(shoWn in FIG. 3A). As shoWn in FIG. 2, the engagement 
region 212 can be disposed outWard from the second shaft 
154 at an engagement radius R2. In some embodiments, the 
engagement radius R2 can be greater than a non-engagement 
radius R1. The engagement region 212 can be con?gured to 
provide pressure to a Wall 122 of the tube blank 120 adjacent 
the embossing element 114 thereby causing the Wall 122 of 
the tube blank 120 to conform to the shape of the embossing 
element 114. 

[0037] As shoWn, the non-engagement region 210 can be 
disposed outWard from the second shaft 154 at the non 
engagement radius R1. In some embodiments, the non 
engagement region 210 can be con?gured to apply no 
pressure to the Wall 122 of the tube blank 120. In some 
embodiments, the non-engagement region 210 can be con 
?gured to apply less pressure to the Wall 122 of the tube 
blank 120 than does the engagement region 212. 

[0038] As shoWn in FIG. 2, the hub 156 may further 
comprise a compliant material 275 Which is disposed adja 
cent to the engagement region 212. The compliant material 
275 can alloW part of the engagement region 212 to move 
With respect to the second shaft 154 such that the engage 
ment region 212 can compensate for variable thicknesses in 
the Wall 122 of the tube blank 120. 

[0039] The compliant material 275, in some embodiments, 
can be more compliant than the second shaft 154. In some 
embodiments, the compliant material 275 can be more 
compliant than the ?rst roll 108. In some embodiments, the 
compliant material 275 can be more compliant than an inner 
support 262 and/or an outer support 264. Exemplary orien 
tations of the compliant materials are discussed hereafter 
With regard to FIGS. 4A-4B, 5, and 6. 

[0040] As shoWn, in operation, the second roll 150 can 
rotate in a direction shoWn by arroW 1010 While the ?rst roll 
108 can rotate in a direction shoWn by arroW 1012. Embodi 
ments Where the second roll 150 rotates in the direction 
shoWn by arroW 1010 While the ?rst roll 108 remains 
stationary are contemplated. Embodiments Where the ?rst 
roll 108 rotates in the direction shoWn by arroW 1012 While 
the second roll 150 is stationary are also contemplated. 

[0041] In some embodiments, the engagement region 212 
may comprise a portion of the second roll 150 Which is 
de?ned by a sector Which has an arc length equal to that of 
the engagement region 212. The non-engagement region 
210 can be de?ned by the remaining sector Which makes up 
the second roll 150. In some embodiments, the arc length of 
the engagement region 212 can be equal to about the 
perimeter of the tube blank 120. In some embodiments, the 
arc length of the engagement region 212 can be greater than 
the perimeter of the tube blank 120. In some embodiments, 
the arc length of the engagement region 212 can be less than 
the perimeter of the tube blank 120. 

[0042] As shoWn in FIG. 3A, the ?rst roll 108 can rotate 
about a ?rst axis 112 While the second roll 150 can rotate 
about a second axis 152. In some embodiments, the ?rst axis 
112 and the second axis 152 are generally parallel. 
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[0043] Additionally, the engagement region 212 may com 
prise the pair of shoulders 312A and 312B and an engaging 
surface 460. As shoWn, in some embodiments, the compliant 
material 275 can be disposed betWeen an outer support 264 
and an inner support 262. The outer support 264, in some 
embodiments, may comprise a portion of the engagement 
region 212, eg the shoulders 312A, 312B, and engaging 
surface 460. Other exemplary orientations of the compliant 
material 275 Within the anvil roll 150 are provided With 
regard to FIGS. 4A-4B, 5, and 6. 

[0044] Because the compliant material 275 is disposed 
betWeen the outer support 264 and the inner support 262, the 
engagement surface 460 can compensate for variations in 
the thickness of the Wall 122 of a tube blank 120. For 
example, Where the thickness of a part of the Wall 122 is 
thicker than a preceding part of the Wall 122, the engaging 
surface 460 and the pair of shoulders 312A and 312B can 
move inWard (toWard the second shaft 154). In contrast, in 
another example, When a subsequent part of the Wall 122 is 
thinner than a previous part of the Wall 122, the engaging 
surface 460 and the shoulders 312A and 312B can move 
outWard (aWay from the second shaft 154). 

[0045] Another advantage of the present invention is that 
a distance 375 (shoWn in FIG. 3B) betWeen the embossing 
element 114 and the engaging surface 460 can be decreased 
versus conventional embossing processes. For example, in 
conventional embossing processes utiliZing an all steel ?rst 
roll, all steel embossing element, all steel ?rst shaft, all steel 
second roll, all steel second shaft, and all steel hub, varia 
tions in the thickness of the Wall 122 can cause pressure 
?uctuations. For example, a tube blank 120 having a Wall 
122 having a thickness of about 0.7 mm can experience 
higher pressures When engaged by the engaging region of 
the second roll When compared to a Wall 122 having a 
thickness of about 0.5 mm. This higher pressure, in some 
instances, can be enough to cut through the material of the 
Wall 122 thereby creating a defective part for an applicator. 
Consequently, the distance 375, in conventional embossing 
assemblies is typically greater than about 0.7 mm so that the 
number of tube blanks 120 Which are cut through are 
reduced. 

[0046] In contrast, as shoWn in FIG. 3B, by implementing 
the embossing assembly 100 of the present invention, the 
distance 375 can be reduced to less than about 0.7 mm. If a 
Wall 122 having a thickness of about 0.7 mm is engaged by 
the engagement region 212, then the compliant material 275 
can alloW the engagement region 212 to compensate for the 
increased thickness thereby reducing the pressure applied to 
the Wall 122. Additionally, if a Wall 122 having a thickness 
of less than about 0.7 mm is engaged by the engagement 
region 212, the decreased distance 375 can alloW the ?rst 
roll 108 and the second roll 150 to emboss the tube blank 
120. 

[0047] Additionally, by decreasing the distance 375, the 
interlocking region 30 (shoWn in FIG. 1) of the plunger tube 
14 (shoWn in FIG. 1) can extend further outWard from the 
outer surface 36 (shoWn in FIG. 1) of the plunger tube 14 
(shoWn in FIG. 1). By increasing the interlocking region 30, 
the tube lock betWeen an insertion tube and a plunger tube 
can be increased. Consequently, an embossing assembly 
constructed in accordance With the present invention can 
produce a plunger tube Which has a reduced likelihood of 
becoming disengaged With the insertion tube. 
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[0048] The engagement region 212 can be con?gured to 
produce an interlocking region 30 (shoWn in FIG. 1) Which 
is continuous or Which is discontinuous. For example, in 
some embodiments, the interlocking region 30 (shoWn in 
FIG. 1) can be continuous about the circumference of the 
plunger tube 14 (shoWn in FIG. 1). In other embodiments, 
the interlocking region 30 (shoWn in FIG. 1) can be discon 
tinuous about the circumference of the plunger tube 14 
(shoWn in FIG. 1). Additionally, in some embodiments, the 
engagement region 212 can be con?gured to produce a spiral 
interlocking region 30 (shoWn in FIG. 1) on the plunger tube 
14 (shoWn in FIG. 1). 

[0049] As shoWn in FIGS. 4A-4B, 5 and 6, the compliant 
material 275 can be oriented Within the second roll 150 in a 
number of different con?gurations. The compliant material 
275 can be disposed Within embossing assembly 100 (shoWn 
in FIGS. 2, 3A, and 3B) in any suitable con?guration Which 
alloWs the embossing assembly 100 (shoWn in FIGS. 2, 3A, 
and 3B) to compensate for the variability in thicknesses of 
the Wall 122 of the tube blank 120. For example, in some 
embodiments, the compliant material 275 can be disposed 
outWard from the second shaft 154 and can surround the 
second shaft 154, as shoWn in FIG. 2. In other embodiments, 
the compliant material 275 can be disposed adjacent to the 
engagement region 212 While not being disposed in the 
non-engagement region 210. 

[0050] As shoWn in FIGS. 4A and 4B, in some embodi 
ments, the outer support 264 may comprise the pair of 
shoulders 312A and 312B and the engagement surface 460. 
In embodiments Where the outer support 264 comprises the 
shoulders 312A and 312B and the engagement surface 460, 
edges of the interlocking region 30 (shoWn in FIG. 1) can be 
more de?ned as opposed to embodiments Where the shoul 
ders 312A and 312B comprise the compliant material 275. 

[0051] Also, as shoWn, in some embodiments, the com 
pliant material 275 can be disposed betWeen the outer 
support 264 and the inner support 262. In some embodi 
ments, the outer support 264 can surround the inner support 
262. In some embodiments, the outer support 264 can 
partially surround the inner support 262. Similarly, in some 
embodiments, the compliant material 275 can be disposed 
betWeen the outer support 264 and the inner support 262 
such that the compliant material surrounds the inner support 
262. In other embodiments, the compliant material 275 can 
be disposed betWeen the outer support 264 and the inner 
support 262 such that the compliant material 275 surrounds 
only a portion of the inner support 262. In some embodi 
ments, the compliant material 275 can be continuously 
applied about the perimeter of the inner support 262. In other 
embodiments, the compliant material 275 can be applied in 
a plurality of discrete elements Which are disposed about the 
perimeter of the inner support 262. 

[0052] As shoWn in FIG. 5, in some embodiments, the hub 
156 may comprise an engaging element 510 Which forms a 
portion of the engaging surface 460. The engaging element 
510 can be disposed betWeen the pair of shoulders 312A and 
312B. The pair of shoulders 312A and 312B, in some 
embodiments, may be joined to the second shaft 154 and 
form a cavity betWeen the shoulders 312A and 312B. The 
engaging element 510 can be disposed Within the cavity. The 
compliant material 275, in some embodiments, can be 
disposed betWeen the second shaft 154 and the engaging 
element 510 Within the cavity. 
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[0053] As shown in FIG. 6, in some embodiments, the 
compliant material 275 can be disposed betWeen the outer 
support 264 and the inner support 262, similar to the 
con?guration shoWn in FIG. 4A. However, in some embodi 
ments, as shoWn, the compliant material 275 may include 
inner stabilizers 602 and/or outer stabiliZers 604. The inner 
stabiliZers 602, in some embodiments, can extend inWard 
toWard second shaft 154 thereby providing lateral stabiliZa 
tion to the compliant material 275. In some embodiments, 
the outer stabiliZers 604 can extend outWard toWard the 
outer support 264 thereby providing lateral stabiliZation to 
the compliant material 275. 

[0054] Any suitable number of inner and/or outer stabi 
liZers can be used in order to provide lateral stabiliZation to 
the compliant material 275. For example, in some embodi 
ments, the compliant material 275 may comprise four inner 
stabiliZers 602 and four outer stabiliZers 604. The lateral 
direction is shoWn by dual arroW 612 and can be generally 
parallel to the axis of rotation 152 (shoWn in FIG. 3A) of the 
second roll 156. 

[0055] Embodiments Where the ?rst roll 108 comprises a 
compliant material are contemplated. For example, in some 
embodiments, the ?rst shaft 110 and/or the embossing 
element 114 may comprise a compliant material. 

[0056] The ?rst roll 108, the ?rst shaft 110, and the 
embossing element 114 can be formed from any suitable 
material used for embossing. For example, in some embodi 
ments, the ?rst shaft 110 and/or the embossing element 114 
can be formed from steel, e.g. stainless steel, aluminum, or 
the like. 

[0057] Similarly, the second shaft 154 can be formed from 
any suitable material. For example, in some embodiments, 
the second shaft 154 may comprise steel, e.g. stainless steel, 
aluminum, the like or suitable combinations thereof. 

[0058] The inner support 262 and/ or the outer support 264 
can be formed of any suitable material knoWn in the art. For 
example, the inner support 262 and/ or the outer support 264 
may comprise steel, e.g. stainless steel, aluminum, the like, 
or suitable combinations thereof. In yet another example, the 
inner support 262 may be formed partially from a ?rst 
material and partially from a second material. The ?rst 
material can be, for example, steel, While the second mate 
rial can be for example, a compliant material 275. In yet 
another example, the inner support 262 may be formed from 
compliant material 275. In some embodiments, the outer 
support 264 can be con?gured similarly to the inner support 
262. 

[0059] The engagement surface 460 can be formed from 
any suitable material knoWn in the art. For example, the 
engagement surface 460 can be formed from steel, e.g. 
stainless steel, aluminum, the like, or suitable combinations 
thereof. In yet another example, the engagement surface 460 
can be formed from the compliant material 275. In yet 
another example, the engagement surface 460 can be formed 
partially from a ?rst material and partially from a second 
material. The ?rst material, for example, can be steel, While 
the second material can be, for example, the compliant 
material 275. 

[0060] Similarly, the shoulders 312A and 312B can be 
formed from any suitable material. For example, the shoul 
ders 312A and 312B can be formed from steel, e.g. stainless 
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steel, aluminum, or the like. In yet another example, the 
shoulders 312A and 312B can be formed from the compliant 
material 275. In yet another example, the shoulders 312A 
and/or 312B can be formed from a ?rst material and a 

second material. The ?rst material, for example, can be steel, 
While the second material can be, for example, the compliant 
material 275. 

[0061] The compliant material 275 of the present inven 
tion may comprise any suitable compliant material knoWn in 
the art. Some examples of compliant materials are disclosed 
in Us. Pat. No. 6,170,393. In some embodiments, the 
compliant material can have a durometer of betWeen about 
30 Shore A to about 100 Shore A or any individual number 
Within the range. In other embodiments, the compliant 
material can have a durometer of betWeen about 50 Shore A 
to about 95 Shore A. In yet other embodiments, the com 
pliant material can have a durometer of betWeen about 80 
Shore A to about 95 Shore A. In yet other embodiments, the 
compliant material can have a durometer of about 75 Shore 
D. Durometers are measured in accordance With ASTM 
D2240. 

[0062] In some embodiments, the compliant material can 
be poured and formed through a compression mold. In some 
embodiments, the compliant material can be machined, 
glued, etc. 

EXAMPLE 

[0063] An exemplary second roll Was created in accor 
dance With the present invention. The anvil roll Was con 
?gured similar to the anvil roll shoWn in FIG. 6. The 
compliant material 275 Was disposed betWeen the outer 
support 264 and the inner support 262. The compliant 
material 275 Was applied at a thickness 610 of about 4.75 
mm. The compliant material 275 had a durometer of 95 
Shore A and Was manufactured by Omni Technologies, 
Green?eld, Ind. The compliant material 275 Was poured and 
formed through a compression mold. 

[0064] All documents cited in the Detailed Description of 
the Invention are, in relevant part, incorporated herein by 
reference; the citation of any document is not to be construed 
as an admission that it is prior art With respect to the present 
invention. To the extent that any meaning or de?nition of a 
term in this Written document con?icts With any meaning or 
de?nition of the term in a document incorporated by refer 
ence, the meaning or de?nition assigned to the term in this 
Written document shall govern. 

[0065] While particular embodiments of the present 
invention have been illustrated and described, it Would be 
obvious to those skilled in the art that various other changes 
and modi?cations can be made Without departing from the 
spirit and scope of the invention. It is therefore intended to 
cover in the appended claims all such changes and modi? 
cations that are Within the scope of this invention. 

[0066] The dimensions and values disclosed herein are not 
to be understood as being strictly limited to the exact 
numerical values recited. Instead, unless otherWise speci 
?ed, each such dimension is intended to mean both the 
recited value and a functionally equivalent range surround 
ing that value. For example, a dimension disclosed as “40 
mm” is intended to mean “about 40 mm”. 
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What is claimed is: 
1. An embossing assembly for forming an embossment 

pattern on a tube blank, the embossing assembly compris 
ing: 

a) a ?rst roll comprising: 

i) a ?rst shaft; and 

ii) an embossing element joined to the ?rst shaft, 
Wherein the embossing element and the ?rst shaft are 
con?gured such that the tube blank can at least 
partially surround the ?rst shaft and the embossing 
element; and 

b) an second roll, con?gured to engage the tube blank, 
Wherein the second roll comprises an second shaft and 
a hub joined to the second shaft, Wherein the hub 
comprises: 

i) an engagement region disposed outWard from the 
second shaft, Wherein the engagement region com 
prises a compliant material Which is more compliant 
than the second shaft, Wherein the engagement 
region is con?gured to apply pressure to the tube 
blank adjacent to the embossing element thereby 
causing part of the tube blank to at least partially 
conform to the shape of the embossing element; and 

ii) a non-engagement region disposed outWard from the 
second shaft. 

2. The embossing assembly of claim 1, Wherein the 
compliant material has a durometer of betWeen about 30 
Shore A to about 100 Shore A. 

3. The embossing assembly of claim 1, Wherein the 
compliant material has a durometer of betWeen about 80 
Shore A to about 95 Shore A. 

4. The embossing assembly of claim 1, Wherein the 
engagement region comprises a pair of shoulders and an 
engaging surface, Wherein the embossing element is 
received betWeen the pair of shoulders. 

5. The embossing assembly of claim 4, Wherein the 
engaging surface comprises the compliant material. 

6. The embossing assembly of claim 5, Wherein one of the 
shoulders comprises the compliant material. 

7. The embossing assembly of claim 4, Wherein one of the 
shoulders comprises the compliant material. 

8. The embossing assembly of claim 4, Wherein the hub 
further comprises an inner support joined to the second shaft 
such that the inner support at least partially surrounds the 
second shaft, an outer support joined to the inner support 
such that the outer support at partially surrounds the inner 
support, Wherein the outer support comprises the engage 
ment region, and Wherein the compliant material is disposed 
betWeen the outer support and the inner support. 

9. The embossing assembly of claim 1, Wherein the ?rst 
roll rotates about a ?rst axis of rotation and the second roll 
rotates about a second axis of rotation, and Wherein the ?rst 
axis of rotation is generally parallel to the second axis of 
rotation. 

10. An embossing assembly for forming an embossment 
pattern on a tube blank, the embossing assembly compris 
ing: 

a) a ?rst roll comprising: 

i) a ?rst shaft having a ?rst axis of rotation; and 
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ii) an embossing element joined to the ?rst shaft, 
Wherein the embossing element and the ?rst shaft are 
con?gured such that a tube blank can at least par 
tially surround the ?rst shaft and the embossing 
element; and 

b) a second roll having a second axis of rotation, Wherein 
the ?rst axis and the second axis are generally parallel, 
Wherein the second roll is con?gured to engage the tube 
blank, Wherein the second roll comprises a second shaft 
and a hub joined to the second shaft, Wherein the hub 
comprises: 
i) an engagement region disposed outWard from the 

second shaft, Wherein the engagement region com 
prises a compliant material having a durometer of 
about 75 Shore D, Wherein the engagement region is 
con?gured to apply pressure to the tube blank adja 
cent to the embossing element thereby causing part 
of the tube blank to at least partially conform to the 
shape of the embossing element; and 

ii) a non-engagement region disposed outWard from the 
second shaft. 

11. The embossing assembly of claim 10, Wherein the 
engagement region comprises a pair of shoulders and an 
engaging surface, Wherein the embossing element is 
received betWeen the pair of shoulders. 

12. The embossing assembly of claim 11, Wherein the 
engaging surface comprises the compliant material. 

13. The embossing assembly of claim 12, Wherein the one 
of the shoulders comprises the compliant material. 

14. The embossing assembly of claim 11, Wherein one of 
the shoulders comprises the compliant material. 

15. The embossing assembly of claim 11, Wherein the hub 
further comprises an inner support joined to the second shaft 
such that the inner support at least partially surrounds the 
second shaft, an outer support joined to the inner support 
such that the outer support at least partially surrounds the 
inner support, Wherein the outer support comprises the 
engagement region, and Wherein the compliant material is 
disposed betWeen the outer support and the inner support. 

16. The embossing assembly of claim 12, Wherein the hub 
further comprises an inner support joined to the second shaft 
such that the inner support at least partially surrounds the 
second shaft, an outer support joined to the inner support 
such that the outer support at least partially surrounds the 
inner support, Wherein the outer support comprises a portion 
of the engagement region, Wherein the compliant material is 
disposed betWeen the outer support and the inner support. 

17. The embossing assembly of claim 12, Wherein the hub 
further comprises an inner support joined to the second shaft 
such that the inner support at least partially surrounds the 
second shaft, an outer support joined to the inner support 
such that the outer support at least partially surrounds the 
inner support, Wherein the outer support comprises a portion 
of the engagement region, Wherein the compliant material is 
disposed betWeen the outer support and the inner support, 
and Wherein at least one of the shoulders comprises the 
compliant material. 

18. An embossing assembly for forming an embossment 
pattern on a tube blank, the embossing assembly compris 
ing: 

a) a ?rst roll comprising: 

i) a ?rst shaft having a ?rst axis of rotation; and 
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ii) an embossing element joined to the ?rst shaft, 
wherein the embossing element and the ?rst shaft are 
con?gured such that a tube blank can at least par 
tially surround the ?rst shaft and the embossing 
element; and 

b) a second roll having a second axis of rotation, Wherein 
the ?rst axis and the second axis are generally parallel, 
Wherein the second roll is con?gured to engage the tube 
blank surrounding the ?rst roll, Wherein the second roll 
comprises a second shaft and a hub joined to the second 
shaft, Wherein the hub comprises: 

i) an inner support joined to the second shaft; 

ii.) a compliant material joined to and disposed outWard 
from the inner support, Wherein the compliant mate 
rial has a durometer of about 95 Shore A; 
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iii) an outer support joined to and disposed outWard 
from the compliant material, Wherein the outer sup 
port comprises a pair of shoulders and an engaging 
surface, Wherein the embossing element is received 
betWeen the shoulders; and 

iv) an inner lateral stabiliZer extending from the com 
pliant material through the inner support. 

19. The embossing assembly of claim 18, Wherein one of 
the shoulders comprises the compliant material. 

20. The embossing assembly of claim 18, Wherein the hub 
further comprises an outer lateral stabiliZer extending from 
the compliant material outWard through the outer support. 


